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A Digitally Addressable Random Access Image Selector 

and Random Access Audio System ' - • , ■ 

■ . by " 
Donald L. Bitzer, Roger L. Johnson, and Dominic Skaperdas* 

Abstract * 

The requirements of PLATO IV, a Computer-Based Belucation System being de- 
veloped at the University of Illinois, have led to the development of an im- 
proved, digitally addressable, random access- ima'ge selector and a digitally 
addressable, random access audio device. Both devices utilize pneumatically- 
controlled, mechanical binary adders to position the mechanical loads. A re- 
centl]^ Invented compact, electrically activated pneumatic control valve facil- 
itates the' conversion of digital signals 'into pneumatic signals which in turn 
control the mechanical positioning devices. Tlie image selector is capable of 
accessing any of 25^ images- with a worst-case access time of 0 >2 £Qconds . _The_ 



^^udio_j£jd.xu5--ts--€^ from a magnetic disc record any of 4096 

message units which comprise a total of 17 minutes of recorded message^ time, 
with a worst-case access time of 0.4 seconds. The prototype versions of these 
devices exhibit mechanical characteristics that should; lead to compact, low-cost, 
commercially produce able devices which will meet the needs of the PLATO IV system. 
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A Digitally Addressable Random Access Image Selector 
and Random Access Audio System 



by 
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I . Introduction 

The University of Illinois design of PLATO IV, a computer-based education' 
system, envisions a system which could reduce the 'total cost per stijdent- contact ■ 
hour by a larg'e factor below any currently available system while maintaining 
the unique student terminal and systems software capabilities' demonstrated in 
"pLATO III (1,2,3). The educational and economic guidelines proposed for PLATO 
IV are described in a paper by Alpert and Bitzer (3) and the principal design 
features of the system are described in a paper by Bitzer and Skaperdas (4), 

' Initial steps toward implem-enting the development of a PLATO IV system at 
the University of Illinois have included the demonstration of. the technical 
feasibility of certain key components of the system. Of particular importance 
is the demonstration of a prototype PLATO IV student terminal. Figure 1 pre- 
sents an artistes illustration of a PLATO IV student console with keyset, plasma 
display panel, random access image projector, and auxiliary outputs for special 
equipment such as a random-access audio system. A detailed. description of the 
operating format of this prototype terminal is given in a report by Stifle (5). 
The alpha-numeric and graphical display capability of the terminal will be pro- 
vided by a 512 x 512 line plasma display panel similar to the type described in 
references (6, 7) . The image selector and associated projection system will allow 
prestored information to be projected onto the rear of the glass display panel. 
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this permits photographically stored information to be superimposed on the same 
image plane which contains the computer-generated information. The image selec- 
tor is . a digitally adflressable, pneumatically driven device which moves a matrix 
or fiche of 256 - 1/4'' images simultaneously along either of two Cartesian 
coordinate axes in order to position a desired image over .a projection lens. The 
selector is required to exliibit a worst-case access 'time of 0.2 seconds, and it 
must position and repeat^sdth an accuracy of 0.001 inches. A random-access , . 
audio device will also be available which retrieves and records messages by utili- 
zing a polar coordinate positioning system thajt.,is ajso digitally addressed and 
pneumatically actuated. This system is presently designed to provide 4096 - J/4 . 

■ / 

second, addressable message units for a total of 17 minutes of recorded message 
time; in addition^ the device is required to provide a 0.2 - 0.4 -second worst - 
case access time to any of the 4096 message units. Discussions concerning the 
educational rationale which has led to the incorporation of these retrieval . de- 
vices in the PLATO IV terminal can be found in references (2,3). 

Although various types of random-access image and audio retrieval systems 
presently exist, most of the ■ currently available devices are extremely slow, 
cumbersome, and expensive. Tlie purpose of this paper is to present a detailed, 
technical description of the pneumatically controlled random- access image sel- 
ector and random-access audio system that were developed at the University of 
Illinois for the prototype PLATO IV terminal. -As a result of -several technical 
innovations, these two devices offer both improved performance and smaller 
physical size than currently available retrieval systems pf similar function. In 
addition, the mechanical chlaracteris tics of these devices appear to be compatible 

/ ■ ■ I ■ 

with medium precision, low jcpst production techniques. 



II. Digit ally Controlled Linear and Angular Positioning ' 

The principal mechanical tasks of tlie two systems being described m this 
paper is to position mass loads accurately with respect to fixed references in 
response to coijmiands provided by a digitalo computer . ^ The particular methanical 
systems being* considered are required to position, mass loads in the range of 1 
kilogram along linear path lengths of the order of 12^' or less, according to 
random digital coimands . In the case of the image selector, tlie computer ter- 
minal specifical^ons rec{uire the worst-case random access "response time to be 
0.2 - 0.4 seconds and the repeatable positioning accuracy to be within 0,001 
inch of the desired true position. Flowever, in the case of the audio system, the 
positioning tolerances are considerably less. 

The mechanical load - attached to the machanism in Figure 2 can be linearly . 
displaced by this binary-input, linear-output device consisting of four pneumatic 

cyclinders mounted in series such that the lengths are additive . Tlie $troke 

■ . ■ N - ... 

length of each piston in the series is weighted 1,2,4,.. .,2 units; N,- in this 

^asc is. equal to four. The pneumatic cylinders Which comprise tliis device^are of 
a conventional design, in which. either side is pressurized while the other side 
is vented to the atmosphere. The two cylinder conditions, "fully extended" and- 
"fully retracted", are the only conditions that are of interest in the present 
applicationt , For each cylinder in the series, the cylinder state can be control- 
led by means of an associated four-way pneumatic value which is activated by an 
electrical signal. Figure 3 illustrates the two cylinder state's and the 'corres- 
ponding action of the four -way control valve. 

In order to illustrate an example of digitally controlled! linear position- 

- 1 ' 

ing, consider the series-mounted set of^ four pistons shown in F:^gure 4; in the 
situation shown, two pis tor s are fully retracted and two are fuljly extended. If 
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the condition •'fully .extended'^ is representee^ by a '^1" and the condition "fully"^ 
retracted" is represented by a "0", t^e combination of cylinder states and there- 
fore, the position of the load^ is uniquely identified by the binary number 1100; 

0* I 
i.e., the least significant bit (2 ) specifies the condition of the/ piston of unit 

1 ' 

length 1, the next bit position (2 ) specifies the condition of the piston of unit 
length 2, etc. If each of the respective four-way valves respond to appropriate 
electrical signals which represent four-bit binary position code, /e.g. 1100, the 

A I 

electrical representation/of a desired load position is converted/ into a mechan- . 
ical action which places the load at that position. If a differ^t code is ap- 
plied to the valves, e.g., 1010, this new position is assumed without tMe necessity 
of the mechanism returning to a rejference point. In a similar mjahner, the 16 
unique- combinations of piston states specified by the four -bit binary position 
code can be converted from electrical signals into pneumatic signals by electrical- 

. . r 

ly actuated four -way valves. Thes^i valves, in turn, pneumaticaflly actuate the 
pistons and place the load at the position specified by the cope. In the particu- 
lar applications being considered, the piston lengths are sucdessive, doublings 
of the smallest possible position change (i.e., the smallest piston length), e,g., 
the mechanism shown in Figure 4 provides for 16 equally spaced positions (1 unit . 
length apart) along a linear path. 

Figure 5 illustrates a simple extension of the linear positioning technique 
in order to provide a mechanism which is capable of moving k load to selected angu- 
lar positions. The conversion from linear motion to angular motion can be obtained 
through the use of various devices, such as a rack and gear, a helical screw gear, 
as well as others. In the case of angular posi^tioning with a rack and gear, the 
smallest required unit of angular change ^nd the nature of the conversion device 
determines the series piston lengths, e.g., if a = 360°/N where N = 2^ and n is an 
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integer, a linear piston series (of unit length S = ra where r is the effective 
radius of the gear) can position the load mass at any one of 2^ angular positions 
which is ain,ntegral multiple of a from a fixed reference. A second particularly , 
interesting linear-to-angular conversion mechanism will be described in Section IV 
as part of the discussion of the random access audio systems 

In the past, most pneumatic positioning systems haSre been large and cumber- 
some, an^d there has existed very little motivation for reducing the gross size 
and cost of these mechanisms , especially . the electrically activated control valves. 
For the- systems being considered in .this paper, however, reduction of size, cost, 
and the rate of fluid consumption are primary des ign factors . One of the princi- 
pal innovations which has led to the realization of -the potentially compact, low- 
cost systems described in Sections III and IV is the invention at the University 
of Illinois of a simple four-way. pneumatic valve that can be actuated directly 
from digital logic, e.g., a computer output register. Each pneumatic cylinder in 
a series as that shown in Figure 4 i5 controlled by one of these pneumatic switches 
'Ilic' operation of this device is described with the aid of Figure 6(a) and 6(b). 
mien the electrical input to the valve corresponds to a "1"; of ."fully extended", 
the function of the pneumatic valve is to supply pressurized- fluid to port A and 
to vent port B 'to the atmosphere. Similarly, • the valve is required to supply pres- 
surized fluid to, port K and exhaust port A when the electrical input command is 
a "0" or "fully retracted". As shown in the cross-section view of the value 
shown^'Sn Figure 6(a), a cylinc'rical chamber formed by clamping two identical sec- 
tions together is separated into two chambers (A and B) by a. thin rubber diaphragm. 
A cylindrical riser extends into each chamber, through which pressuid^ed^^ — 
can flow from the source line. Itie output lines of the valve OLA and.CLB which 
are connected to the actuating cylinder each have control ports OCA and OCB which 
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•can be either closed or vented to the atmosphere by the double acting solenoid 



solenoid valve is driven from a current source which responds to the position in- 
formation provided to it by a computer or similar source of electrical signals. 

In operation, the diaphragm seals either inlet port A or inlet port B in 
response to the position of the solenoid plunger. For the valve position ♦shown 
in Figure 6 (a), control port A is closed, thereby enabling airflow from the source 
inlet A through the chamber and into the cylinder so as to move the piston to- 
ward the ''fully extended" state. Note that there is no static air loss in the 
control valve,, since although chamber B is vented to the atmosphere, source in- 
let port B is sealed by the diaphragm. This position of the diaphragm is a stable 
position because the area of the diaphragm is substantially greater than the 

•y 

opening in the riser labeled inlet port B which in turn provides a differential 
force upon the diaphragm and causes it to seal off inlet port B. IVlien the sole- 
noid plunger is reversed, sealing OCB, the small dynamic leak through OCA momen- 
tarily lowers the pressure in Chamber A below that of Chamber B. Tlie flexible 
diaphragm responds accordingly and assumes the complementary stable, position seal- 
ing off inlet port A as shown in Figure 6 ^ I?! . In this position, pressurized 
fluid is supplied to port B of the cylinder while port A is vented and the piston 



is forced to assume the "fully retracted" position. Note that the exf^n di t ureNj f 



pressurized fluid during a change of state . is, for all practical purposes, the 



amount of pressurized fluid that was contained in the pressurized side of the cyl- 



inder, supply line, and valve chamber. To repeat, there is negligible pressurized 
fluid expenditure during periods when the mechanism is not changing state. Pro- 
totype models of this electricall)4i|^controlled pneunatic switching device liave been 
operated successfully under widely varying load conditions, cycling rates, and 



plunger, i.e 



if OCA is cl6sed, the OCB is vented and vice versa. The minature 
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source pressures. For example, when using compressed air as the working fluid, 
the valves have been made- 1^ -operate- a^—seu-i^e-presstn^ as 1 psi; at 

10 psi they have exhibited switching times of the order of 50 milliseconds. The 
mechanical tolerances necessary in operational devices of this type are such 
that the symmetrical chamber structures could be- molded out of plastic, thereby 
providing the basis for a compact low-cost electrical-to~pneumatic signal con- 
verter and four-way valve, / . 



Ill, The' Design and Realization of a Digitally Addressed Random Ac cess 
Image Selector 



Figure 7 iliystrates- a configuration in which two sets of series -mounted 
pistons, operating at right angles, are mechanically coupled together to form 
an X-Y (Cartesian) positioning, system. A. System of this type can ht us'ed to - 
position selected photograpHic images of an array or fiche over "a -Ci^ed optical . 

-...//. ■ , ^ ■ : 

projection system. Consider a squat'e array of -N x N images where N =^ 2 and 
each image is 1/4" x 1/4'J. The image array is, mounted in the rigid, rectangular 

f^rame which is free tp slide- in bo,th the X and'Y direction on the mutually per- 

' • ^ ^ ' ■ 

pendicular rails. One set of ^series -mounted pistons is attached to the XTail 
while the other set is attached to the Y rail. .B9th sets of jjistons (X and Y) 
are fastened or refe'rehced to the fixed table structure ^ which the projection 
system is mounted. The unit length of the pistons (i,e,, the length of the 
shortest piston) is equal to the .corresponding edge |Length yf a single image, 
i.ej, in this case L =. 1/4". . Positional control of the X' and Y linkages is ac- 
complished through electrically activated 4 way control valves thatr are attached 
to each of the*cylinders , % ■ , , / ^ 

. ■■ ■ " Vv 

In operation, the system requires the images which are to be selected or. 

<- . • ... 

positioned o^l^er the reference point to be described by th/6 'binary representation 

, -^-^^ \ ' ' - \ ^ ' : 

of its X and Y coordinates with respect to the frame which holds the film. These 
position codes are applied, in parallel, to the control valves in the form of 
electrical signals, from a computer. The resulting piston motion positions the \ 
film holder such that the desired image is '^placed over the projection aperature 
Subsequent position commands move that film holder from- position to position 
without the necessity, of returning to a starting reference point after each com- 
mand. - ' • 



V 



jl3 



Tlie accuracy and repeatability of this type of image selector are directly 
dependent upon :t\vo primary factors: 1) the mechanical precision of each compon- 
ent of the' X-Y positioning mechanism, including the series linkages; and 2) 'the" 
accuracy of the image Varray with respect to an arr-ay master which exhibits pier- 
fect uniformity in both alignment and size. Since the switching time of the 
valves is generally much smaller than^the excursion time of the minimum mo ve^. 
ment position change, the'acces^s time, of the mechanism is primarily determined 
by the mass of the load,, the pressure of the actuating fluid, and the frictional 

drag of the bearings and the pneumatic pistons. 

■ . • • t- 

Figure 8 shows a prototype image selector and projection system that was re 

cently fabricated and^ tested at the Uni\cersity of Illinois for installation in ' 

prototype PLATO IV terminals. The image array contains 2S6-(16 x^l6) color or 

black and white images eafch 1/4*' x l/4"r The series^-mounted pistons in both the 

X and.Y linkages have ^successive stroke lengths of 1/4", 1/2'^ 1", and 2". The 

control valves ar6 connecte'ci appropriately to an 8-bit input register which re- 

ceivcs electrical control ''signals from the output register of a digital computer 

or its equivalent. Using compressed air at 10 psi as the actuating fluid, th^ 

mechanism was exercised for 10 cycles (randomly selected positions) without' 

experiencing any major failure conditions' or excessive Toss of positioning^ ac- • 

ci!iracy or rep*eatabitity ^^^^^^^^^ worst-^ca^e access time for this particular mech- 

anism ..was less than ,0..2,>secQQds and the^positioning accuracy and repeatability 

remained within + .001 inches Figure 9 is a block diagram of a typical image 

a 

selector* installation. • 



IV. . The Design and RealD^ation of a Digitally Addressable Random. Access 
Audio System ' ^ 

Two types of computer controlled audio devices have been recently developed 
at the University of Illinois Computer-Based Education Research Laboratory. The 
first is a centrally located, random access audio bank used for distributing ex- 
tremely high quality audio messages to l^rge . numbers of students, each student- 
having individual access to a string of messages without interference by any 
other user. This system, developed by B. \voth (8), appears to be best suited for 
applications in which large numbers of users are accessing similar material from 
tei:minals located in near • proximity, e.g.,lthe same building. The second device 
which will be described here in detail is expected to be compact and inexpensive 
• enough to be located at or near, a student terminal (e.g., a PLATO -IV terminal) and 
will provide high quality randomly-accessed audio messages %o only that terminal. 
The device should be especially well suited to tKe needs of the remote, user ter- 
minal . 

Figure 10 illustrates the basic audio components which- will be used in the 
system being described. Audio messages are recorded on a thin mylar-based magne- 
tic recording material cut in the form of. a diSk (typically 12 inclies in diameter) 
The disk is mounted on , a high moment of inertia, rim driven turntable which ro- 
tates with an angular velocity of 1 revolution per 8 seconds. The messaged are 
recorded on successive circular tracks (360°) with each track subdivided into 
32' sectors or message units. The location of a message unit with respect to a 
reference point on the disk is identified by the binary numbers 'v/hich represent 
the appropriate track and sector within that track. Access to any particular mes- 
sage unit ii.e., track and sector^ within a worst case retrieval time of 0.4 



s. 



seconds requires both radial aiid angular positioning, since using only radial 
positioning would provide a worst case retrieval time of 8 seconds. Digitally 
controlled radial positioning of a record/playback head can be accomplished in- 
much the same manner as that used in the image selector. The magnetic head is 
attached to c^tie end^of a set of series --mounted pnelunatic pistons; the other 
end of the piston liWage is fixed with respect to the turntable. In the case 
of 64 radial tracks,/;a set of, six series mounted pistons is used; the length of 
the shortest piston t^irow is equal to the inter-track spacing.. The tracks in 
this case are identified by a 6--bit binary address. . 



The rapid angulat positioning that is needed in order to bring a desired 
sector (message uniyf in contact with the playback head can be achieved by rstpid- 
ly changing the angular position of the low moment of in,ertia mylar disk with 
respecf^'to the l;agh' moment of inertia turntable. This procedure preserves the 
highly stable /constant velocity of the turntable necessary for high quality. audio 
while at the^same time it provides a means of rapidly. positioning the sedtor with 
respect to the magnetic head. , t. 

Tke angular displacement of the mylar disk with resp'ect to the turntable can 
be accomplished 'through linear translat^on^of a specially grooved, axial shaft as 
illustrated in Figure 11, Figure Ul (a) shows an axial shaft with a vertical groove 
fitted into the keyed center hole of the turntable. As the turntable rotates, the" 

^ 

shaft is forced to rotate with-it. However, the shaft is free to move up or down 

■ '■ ^ - ■ . , ■ ■ . I ^ 

(i,e,, along the Z coordinate) without disturbing the rotation df the turntable. 

■ *? 

Figur^llCb) illustrates a helical groove which is also cut into this shaft. In 
Figurfe^ 11 (c) , the mylar disk is shown attached to a hub which is keyed only into 
the helical' groove.^ of the axial shaft. If the axial shaft remains stationary with 
respect to the Z coordinate and if the hub and attached, disk .remain in contact with 
the turntable, the angular position of the, disk with respect to the turntable 



remains^ fixed. However, if the axial shaft mdergoes a linear translation along 
the Z coordinate while the disk and hub remain in 'contact .ith the turntable, the 
disk is angularly displaced with respect to its original position on th^ turn- 
table-* ^The ang.ylar displacement A(jy is related to the linear translation AZ by 
the equation A(j) = where y is the pitch of the helical groove. Suitable 
beatings and sliding surfaces are introduced in order to allow the mylar disk to 
rotate freely with respect to the turntable while remaining in contact with it. 

0 

In summary, the mechanism illustrated in Figure 11(c) enables a. low moment of 
inertia mylar disk, to be rotated rapidly (to any angular position) with respect 
to a slow moving,- high moment of inertia turntable without significantly dis-. 
turbing the constant angular velocity of the turntable. As a result, any mes- 
sage unit (or sector) on the recording media can be rapidly accessed, by radial- 
ly positioning a magnetic head while simultaneously positioning the recording 
media in angle in order to bring the des.ired sector in contact with the magnetic 
head. • When the _desired track and sector have been selected, the angular velocity . 
of the recording media is again equal to the constant angular of the turntable, 
thus allowing a message unit to be played back 'or recorded^by the magnetic head. 
In the case , where there are 32 equal length sectors per track, the axial shaft 
can be translated appropriately by using a Set .of five electrically controlled, - 
series -mounted pneumatic cylinders where the length of, the shortest throw (i.e., 
the unit length) is AZ = 360° • % 
" In order to select a given sector at any point in time, it is necessary for 
a digital controller to know where the angular references mark of the disk ((t>j=0*) 
is in relation to the magnetic head. One manner in which this can be accomplished 

is by providing equi-spaced optical or magnetic markers on -the circumference of 

t * ~f ' ■ ■ 

i ^ . 

the turntable which correspond to the sector boundaries ; a special 'mark is used to 
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denote the angular re fexence point of the tiifhtable (4)^ = 0°). A detector which 
is positioned along the fixed radial path of the imagnetic head, senses the turn- 
table markers and correspondingly triggers a digijtal coiinter; the counter is 
cleared whenever the turntable reference posi.tipnl is sensed , Consequently, the 

counter indi cates * the angular position of ^ th^e turntable' to within_ one sector , 

For simplicity, assunie that the angular reference points of the disk and the turn- 
table coincide v/hen the axial shaft is in maximum \'up" or positive Z position, , 
see Figure 12(a), In order to position a desired sector, r, at the magnetic head 
when the counter indicates that sector .q is present-lv in that position, the ad- 
dress, q, o© the current sector is subtracted from tnf address, r, of the de- 
sired sectq^, and the difference r-q specifies the amount of an|:ular rotation 
that is required. An example wh&re.r = 14..and q = 3 is illustrated in Figures 
12(a) and 12(b),, This example assumes an instantaneous change in angular posi- 
tion; in actual practice, the digital controller much be designed to correct for 
condition^ where the finite angular selection time would case- an erroneous 
sector to be selected. • 

Figure 13 is a! photograph of . the prototype random access audio system pre-* 
sently being tested; on the PLATO system.^ Messages are recorded on 64 radial track 
with each track being divided into 1-6. equal sectors, The,,12 inch, rim-driven 
turntable, which moUes at an angular velocity of 1 revolution per 8 seconds, pro- 
vides for 512 secondis (8 1/2 minutes) of recorded audio per disk at an average: 
effective tape speed! of 4 1/2 inches per second (i.e., the average track length 
is approximately 36 inches). A suitable dual track "magnetic head can als.o be 
used in order to provide 128 tracks of recorded material , for a total of 17 
minutes of recorded message time. In order'^to avoid unnecessary wear,' the 
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magnetic head is brought into contact with recording 'material only after the 
required positioning motion is completed;, at the eiad of a message sequence 
the head is lifted from the material. Radial access to a particular track is 
obtained with 'the radial positioning arm shown in Figure 14, A set of six series- 
mounted pneumatic cylinders of unit length 0.055 inches is controlled by a cor- 
responding set of 6 valves which are driven by the digital controller. Access to 
a particular sector is obtained with a helically grooved, axial shaft th'at is 
translated by a s.et of four series mounted cylinders * The angular position of/ 
the turntable is sensed by a photodiode which observes optical markers along the 
circumference of , the turntable. The^^sliding magnetic head unit is raised and . 
lowered with respec"^ to the recording material by means of a solenoid which is 
electrically activated by the controller. ..." 

In order to perform. a message retrieval , the digital controller receives 
14 bits of information from a- cdmputer; 6 bits to spe^cify the track 4 bits to 
specify the sector;, and 4 bits to specify the message length in units i^f sectors. 
Figure 15 shows' a block diagram of the digital controller which is presently used 
:.to operate the prototype audio device. The 'prototype audio system shown in 
Figure 13 is currently undergoing evaluation on the PLATO III system. The,, unit 
operates from a 15 psi clean air source. IVhen operating at an average Tate of 

one random audio selection every 2 seconds, the unit cons xames air at the rate of 

3 ■ * - 

.05 ft. per minute at 15 psi. The worst-case mechanical access time of the unit 

is Q.3 seconds; however in -this model additional access time is added via the 

software in order to compensate for the effects of the f inite%ngular selection 

ti'me. The recording" disks are cut from standard mylar base, magnetic recording'^ 

material which is available in bulk f.orm. Mounting the recording disks on the 



turntable is equivalent in difficulty to -placing a 33 1/3 phonograph record 
on a standard turtitable. The wear characteristics of the recording material 
used in this device appear to be no more serious than those experienced in 
standard magnetic tape recording equipment. 



V. Si!iiTmiary 

The requirements of the PLATO IV student terminal have led to the develop- 
ment of an improved, digitally addressable, random access image selector and a 
digitally ^addressable random access audio device. The technological feasibility 
of these devices has been shown at the University of Illinois via prototype units 
which meet the PLATO. IV operating specifications; however, .^specific confirmation 
of the low, unit ccst goals av^;aits further experience with pilot production 
models. The mechanical characteristics of both the image selector and the audio 
device described in this paper however-, do appear to lend themselves to medium 
precision, low cost production te-chniques. In addition^ the innovations which- 
J led to the realization of these particular devices may also be applicable to 
many other, systems applications which involve computer controlled mechanical re- 
trieval or positioning tasks. * * , 
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